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The mode of melanosome transfer from melanocytes to keratinocytes in ep idermal cell 
cul tures has been exam ined with t ime-la pse cinematography and electron microscopy. A t ip 
of a melanocyte dendrite containing melanosomes became enfolded by a recipient keratino-
cyte. It was then pinched off to form a cluster of melanosomes which ini t ia lly seemed to be 
surrou nded by two layers of membranes . The phagocytized dendrite was gradua lly 
decomposed and became an aggregate of melanosomes surrounded by a single membrane of 
t he keratinocyte. The individual melanosomes were dispersed from the aggregate into t he 
keratinocyte cytoplasm, depending on t he size of melanosomes. T he larger ones were single 
and smaller ones were complex. 
The mechanism of melanosome transfer in vitro is a type of cytophagocytosis. The entire 
process consists of two steps : the first is a cytophagic process and the second a melanosome 
dispersion process. The process is influen ced by various exogenous factors. 
Melanin pigmentation of t he skin resu lts from 
the close interaction between epidermal melano-
cytes and keratinocytes. Melanosomes, which a re 
t he spec ific cytoplasm ic particles upon which mel-
a nin formation and deposition occur, are synt he-
s ized in the melanocytes (melanogenes is). The 
m elanosomes are t ransferred to basal keratinocytes 
(melanosome t ransfer). Transfe rred mela nosomes 
di sperse within the cytoplasm of t he keratinocytes 
(dispersion of melanosomes). Basal cell s conta in -
ing melanosomes move upward continuously to 
become spinous and finally horny cells during 
which t ime melanosomes dis in tegrate to some ex-
tent (turnover of keratinocytes and degradation of 
melanosomes is phagocytized by the keratinocyte 
somes from melanocyte to keratinocyte constitu tes 
an important factor in skin melanin pigmentation. 
The t ransfer mechani sms have been stud ied 
with light and electron microscopy in epidermis 
[1 ,2 ], hair [3-5 ], and ce ll cu lt ure systems [6-12 ]. It 
is now ge nerally assumed that t he t ransfer of 
melanosomes occurs directly from cell to ce ll a nd a 
portion of the melanocyte dendrite conta ining 
melanosomes is phagocytized by the keratinocyte 
[3,6,7,9- 11 ,13 ]. Melanosomes, t hus t ransferred , 
disperse within t he cytoplasm of t he keratinocyte 
[2,8,14,15 ]. These obse rvations were made eit her 
with t ime- lapse cinematogra phy on cultured ce lls 
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or electron microscopy of ep idermis and hair . The 
exact sequences of the cytophagocytotic process 
sti ll need to be clarified and the data reported in 
t his paper were aimed at t his clarification. It is 
known that melanosomes distribute ultimately in 
t he kerat inocytes in two forms: as single, d iscrete 
particles, and as multiple , aggregated pa rticles in 
melanosome complexes [13, 15- 18 ]. Recent obser-
vations have led to t he hypothesis t hat these 
different p atterns may be related to t he s ize of the 
individual melanosomes [1 ,2,5,14- 16,19]. 
In t he present paper, we have studied t he 
dispersion of melanosomes , which had been tra ns-
ferred as a cluster, within t he cytoplasm. T he 
resu lts ind icate t hat melanosomes separate off 
from the aggregate of melanosomes singly or as a 
group of particles, depending on t heir sizes . 
MATERIALS AND METHODS 
Cell culture. Small skin spec imens were obtained from 
newborn or adul t black guinea-pig ears. The spec imens 
were rinsed thoroughly with Tyrode's solution conta in ing 
penicillin (1000 units/mIl and streptomycin (1 mg/ml l, 
and then with calcium -free and magnesium-free Tyrode's 
solu tion (CMF). They were incubated in CMF for 15 min 
at 37°C, followed by 1 % trypsin (Difco, 1:250) solution for 
30 min at 37°C, and again with CMF. The epiderm is was 
separated from the dermis and transferred in the culture 
medium to a depression slide, where it was squeezed, 
shaken, and pulled apart with a fine fo rceps. The ce ll 
suspension thus obta ined was centr ifuged at 1000 rpm for 
5 min and the cells were resuspended in cu lture med ium . 
They were cultured in Rose cham bers or Falcon plast ic 
Petri dishes at 37°C for several days, and the culture 
medium, which was Eagle's minimum essential medium 
supplemented with 20% feta l bovine serum , was changed 
every other day. 
541 
542 OKAZAKI ET AL 
Time-lapse cinematography . The cell behavior was 
recorded with time-lapse cinematography using both 
phase contrast and transmission light microscopy. 
Scanning electron microscopy . The cells were grown on 
glass cover slips in 60-mm Falcon Petri dishes for scan-
ning electron microscopy. They were fixed at appropriate 
t imes in 2.5% glutaraldehyde and 2% osmium tetroxide 
solut ion in 0.06 M veronal acetate buffer, pH 7.2, conta in-
ing 4.5% sucrose for 20 min at 4°C. They were rapidly 
dehydrated with a graded series of ethanol, and the 
specimens thus obtained were infiltrated with gradually 
increasing concentrations of isoamylacetate in ethanol to 
replace the ethanol. Finally, they were dried by means of 
t he carbon dioxide crit ical-point drying method using a 
Hitachi Critical Point Dryer (HCP-1). The specimens 
were mounted on a holder with si lver-conducting paint 
and were coated with carbon and gold -pall adium alloy in 
a Hitachi vacuum evaporator equipped with a rotary 
stage . The samples thus prepared were exam ined in a 
JEOL-50A scanning electron microscope. 
Transmission electron microscopy. The ce lls were 
grown in 35-mm Falcon tissue culture dishes, of which 
the inside surface had been precoated with Epon 812. 
They were fixed as described above for 20 min at 4°C, 
briefly washed with 50% ethanol, counterstained with 
uranyl acetate solut ion for 10 min at 4°C, and subse-
quently dehydrated with a graded series of ethanol. They 
were infil trated in 50% Epon-812 in ethanol for 30 min 
before fina l embedding. Thin sections were cut vert ically 
to the surface of the Petri dish with an LKB Ultrotome III 
equipped with a diamond knife. Serial sectioning was 
perfo rmed when various stages of melanosome t ransfer 
were fo llowed. The thi n sections were examined with a 
Hitachi HU-12A electron microscope. 
RESULTS 
Light Micros copic Observations 
By t he end of a week t he cu ltures became we ll 
established and melanocytes a nd keratinocytes 
were numerous. The keratinocytes were flattened 
a nd formed sheets, the mela nocytes had multiple 
dendrites a nd a large number were assoc iated with 
keratinocytes. P igment donation was obse rved 
from t he melanocytes to t he keratinocytes . The 
processes began with contact between t he actively 
ruffling cytop lasmic membranes of t he keratino-
cytes a nd t he tips of the branching processes of t he 
mela nocytes . The tip of a dendri te conta ining 
numerous melanosomes see med to penetrate t he 
keratinocyte , after which t he dendrite appeared to 
be constri cted and a small pouch formed. 
Figure 1 shows t he ini tial stage of mela nosome 
t ransfer under the usual t ra nsmiss ion light micro-
scope. Only me la nosomes were visible so t he 
behavior of melanosomes during t he transfer proc-
ess could easily be followed. One hour la ter, as 
shown in Figure 2, t he constriction was almost 
completed , although t he pou ch was still connected 
by a fine string to t he stem of t he dendrite . The 
dendrite grad ually began to retract, and 3 hr later 
the pouch a ppeared to be pinched off complete ly 
from the stem dendrite as shown in Figure 3. This 
pinching-off process see med to resu lt from both t he 
constrictive movement of t he keratinocyte and the 
withdrawal movement of t he branching process of 
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t he melanocyte. U nder the phase contrast micro-
scope, as shown in Figure 4, the pouch phagocy-
tized in t he keratinocyte was in t he cytop lasm, 
while the dendrite , t he tip of which was pinched 
off, appeared to be withdrawn. The pouch, con-
taining the phagocytized tip of t he dendrite, gradu-
ally moved towards the perinuclear area where it 
tended to disperse singly or as a group of melano-
somes, as shown in Figure 5, In newborn guinea- pig 
skin , t he pouch was usua lly la rge, contain ing la rge 
numbers of melanosomes. Such large cluste rs of 
melanosomes dis integrated into several sm a ller 
clusters, t hen in to single or groups of me lanosomes. 
As shown in Figures 1, 2, and 3, melanosomes were 
transferred from the melanocyte to the kerat ino-
cyte as a cluster enclosed with the cytoplasmic 
membrane of t he melanocyte dendrite, and mel-
anosomes were never t ransferred individua lly from 
the dendrite of t he melanocyte into the cul ture 
medium . Eventua lly, single mela nosomes or 
groups of a few mela nosomes were fo und to be 
dispersed around the perinuclear a rea of the kerat i-
nocyte . 
Scanning Electron Microscopic Observations 
The ce llular interaction between melanocyte 
and keratinocyte was observed more clearl y under 
the scanning electron m icroscope. Figure 6 shows 
one of t he typ ica l views of t he ep idermal ce ll 
cultures obtained from newborn guinea-p ig skin. 
One melanocyte wit h two long, slender dendrites 
a nd a shorte r one was in contact wi t h two kerat ino-
cytes through t he tips of the dendrites. The tip of 
the dendrite seen on t he left s ide had been in tro-
duced in to t he cytop las m of t he keratinocyte a nd 
seemed to be constr icted . The cytoplasm of t he 
melanocyte was filled wit h uniform sma ll particles 
which corresponded to individual mela nosomes. 
The margins of t he cytoplasm of these ce ll s were 
clearly seen so t hat t he relationship between t hese 
melanocyte dendrites a nd t he kerat inocyte cyto-
plasm could be defined more precise ly. Figure 7 
shows at higher magnification one of t he tips of t he 
dendrites seen in Figure 6. The dendri te, filled with 
many melanosomes, appeared to be at the con-
stricted stage s ince a fine fil a mentous structure 
was seen between the t ip and the stem. On t he 
other hand, a few clusters of melanosomes and 
scattered individual melanosomes cou ld be seen in 
the cytop lasm . 
Transmission Elec tron Microscopic Observations 
Var ious steps of melanosome transfer fro m t he 
melanocyte to t he keratinocyte were observed in 
more deta il under t he electron mi'croscope in 
vertical sections of the cul t ures. Figure 8 shows a 
tip of a dendrite which had penetrated in to a 
keratinocyte, a nd had become enfolded with t he 
cytop lasm ic membrane a nd with seve ra l villus- like 
cytop lasmic projections of t he keratinocyte . T his 
corresponds to t he first stage of the melanosome 
t ransfer process. Figure 9 shows a typ ica l e lectron 
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FIGs . 1- 5. The melanosome transfer processes between melanocytes and keratinocytes in guinea- pig sk in cu lture. 
1: A. melanocyte dendrite is in troduced into a keratinocyte (x 600).2: The dendrite is constricted by the keratinocyte 
( x 600). 3: The tip of the dendrite is torn 0[[ and hauled in close to the nucleus of the kerat inocyte to form a cluster of 
melanosomes (x 600) .4: Corresponding to Fig. 3, but taken with a phase contrast microscope . The resul ted cluster of 
melanosomes is located near the nucleus of the keratinocyte (x 600).5: Melanosomes are dispers ing from the cluster 
01 melanosomes located near nucleus (x 1000). 
micrograph of the cultured cells obtained from 
adult guinea- pig ear. The horizon tal line indicates 
the surface of the Falcon plastic dish on which cells 
had grown . Severa l keratinocytes were piled up in 
layers and one of these contained severa l groups of 
mela nosomes. As shown in Figure 10 at higher 
magnification, one of these groups of melanosomes 
seemed surrounded by two concentric layers of 
membranes. In the package, cytop lasm ic constitu-
ents of t he mela nocyte, such as free ribosomes for 
t he outer membranes of individual m elanosomes, 
were seen to be intact. This could represent t he 
second stage of t he transfer process, in which t he 
t ip of d endri t ic process was phagocytized by t he 
keratinocyte . In other a reas ( b) , t he outer mem-
brane seemed to be intact, but t he inner one a nd 
the outer membranes of indiv idua l mela nosomes 
were vague , and t he other cytop lasmic constituents 
544 OKAZAKI ET AL 
of melanocyte eemed to be lacking. This may 
represent t he third stage . 
The changes in the membrane and cytoplas mic 
elements appea red to occur in para llel. Another 
type of aggregate is shown at (c) in which no 
cytoplas mic constituents could be seen and t he 
melanosomes were surrounded by a single mem-
brane of the keratinocyte. This cou ld be the fin a l 
step of the third stage. 
There seemed to be a genera l pa ttern of enfolded 
dendri tes, phagocyti zed dendri tes , and agg regates 
of melanosomes wi thout outer membranes, in the 
cytoplasm of keratinocyte. The t ips of melanocyte 
dendri tes we re located in t he peri phera l region of 
FIG. 6. A scanning elec tron microscopic picture of a n 
epiderm a l ce ll cul ture obtained from guinea-pig skin . A 
melanocyte at the cente r is in contac t with the surround -
ing keratinocy tes by two slender, long dendri tes ( x 330) . 
. FIG . 7. Higher magnifica tion of a part of Fig. 6. The 
tiP of t he dendrite in which numerous melanosomes a re 
accumula ted is found to be constricted but there still 
rema ins a thin string between t he stem a nd the t ip of the 
dendri te. A few clusters of granules and severa l scat tered 
granules a re seen fa r from the t ip of the dendri te ( x 
1,900). 
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FIG. 8. Transmission e lectron microscopic picture of a 
par t of epiderm al cell in culture. A cross -sect ion of a 
melanocyte dendrite which is enfolded wit h kera tinocytic 
plasma membrane and several microvillus- like cytoplas-
mic projec tions ( x 14,000) . 
F IG. 9. A vertical section of epiderma l ce ll culture 
obta ined from adult guinea- pig skin . Severa l kerat ino-
cytes a re piled up in layers, and one of these ce lls holds 
various types of groups of mela nosomes ( x 4,300) . 
FIG. 10. Higher magnifi cat ion of a part of Fig. 9 ( x 
12,500). a : A group surrounded by t wo laye rs of mem-
branes. b: A group surrounded by one intac t oute r 
membrane and one diminishing inner membra ne. c: 
Aggregates surrounded by an a ppa rently s ingle me m-
brane . 
kerat inocyte ; t he phagocyti zed dendrites, in which 
the digestion of cytoplasmic conti tuents of mela no-
cyte was in progress, were present between t he 
nucleus and the periphery; t he aggregates of mel-
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anosomes surrounded by a ingle membrane were 
located near the nucleus. Figure 11 shows another 
view of a cell culture of newborn guinea-pig epider-
mis. This cell contains single, disc rete melano-
somes; groups of several melanosomes; and a huge 
aggregate of melanosomes surrounded by a single 
membrane. Such a huge aggregate is seen fre-
quently in cell cultures derived from newborn 
animals. In this mass, the single enve lope mem-
brane is invaginated in various directions and the 
large clump is disintegrating into several smaller 
pieces. On the other hand , there were many s ingle 
melanosomes and several groups of melanosomes 
in the vicinity of this aggregate . They were scat-
tered from the aggregate and there was a tendency 
for small melanosomes to be complexed a nd for the 
large ones to be dispersed singly. 
DlSCUSSIOl'\ 
Phase-contrast microscopy has been widely used 
for time-lapse cinematographic observations of 
cultured cells including pigment transfer stud-
ies [5,6,8 ). Under the phase-contrast microscope, 
individual melanosomes are difficult to distin -
guish from other cytoplasm ic particles. Trans-
mission light microscopy was used extensively 
in this series of time- lapse cinematographic ob-
servations on the interaction between melano-
cytes and keratinocytes in culture. As shown in 
Figures 1, 2, 3, and 5, the behavior of individual 
rnelanosomes could be observed clearly throughout 
the transfer processes . Individual melanosomes 
were never released from t he dendritic processes 
even during the penetration and the pinching-off 
stages. They appeared to separate off individually 
or as a group from the pouch fi lled with melano-
somes after the pouch reached the nucleus of the 
keratinocyte. The resu lts showed definitely that 
the melanosome transfer process in vitro is , as has 
been inferred, cytophagocytosis . These observa-
tions were confirmed by the results obta ined with 
the scanning electron microscope, in which the 
surface structures of the ce lls and the interaction 
FIG. 11. A huge aggregate of melanosomes is seen in a 
cultured keratinocyte of newborn gu inea-pig sk in. The 
envelop membrane of this aggregate is seen to be 
invaginated and small packages of melanosomes a re a lso 
seen near the aggregate ( x 8,800). 
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between dendritic processes and keratinocytes 
could be observed in more detail at higher mag-
nification . The cells in culture were fixed and 
embedded frequently during light microscopic ob-
s~rvations for transmission electron microscopic 
studies, so that the dynamic events could be linked 
with the static ultrastructural observations. Serial 
thin sections were made in order to observe various 
steps of melanosome transfer and dispersion. 
The very first step of me lanosome transfer is 
represented by penetration of the tip of the den-
dritic process into the keratinocyte. The tip of the 
dendrite , as shown in Figure 8, infolds with the cell 
membrane and the villus-like cytoplasmic projec-
tions of the keratinocytes. There is a wide gap 
between the dendritic process and the keratinocyte 
cytoplasm. The second step corresponds to the one 
shown in (a) marked in Figure 10 where the tip of 
dendritic process is pinched off and a cluster of 
melanosomes is embedded in a cytoplasm ic matrix 
surrounded by two membranes: one derived from 
the melanocyte and one belonging to the keratino-
cyte. The gap is very narrow. These two findings , 
shown clearly in Figure 8 and (a) marked in Figure 
10, are the most important evidence to support the 
hypothesis that melanosome transfer in vitro is 
carried out by the cytophagocytotic mechanism. In 
spec imens in vivo, similar figures have been ob-
served in ha ir bulb [3,5 ], developing fowl feathers 
[4], and epidermis [15) . Under the electron micro-
scope, various types of masses of me lanosomes, as 
seen in (a), (b), and (e) marked in Figure 10, and in 
Figure 11, were observed in t he keratinocyte . They 
are assumed to show the digestive process of ce ll 
constituents derived from melanocyte dendrite. 
Although there is no evidence to show that such 
digestive processes proceed in the same general 
manner as in the lysosomal heterophagi c vacuoles, 
these aggregates of melanosomes su rrounded by a 
single membrane are thought to be a sort of lyso-
somal digestive vacuole. We avoid calling them 
melanosome complexes and call them aggregates of 
melanosomes (or pouches fi lled with melanosomes), 
since the term " melanosome complex" has gener-
ally been used to indicate that melanosomes them-
se lves are subjected to digestive processes in hete-
rophagic and/or autophagic vacuoles [13 ). The 
melanosomes, except their outer membranes, do 
not appear to be affected during these digestive 
stages. These two stages, the phagocytized and the 
digestive stages of the dendritic processes of mel-
anocyte, can be recognized in the hair bulbs of C3H 
mice in vivo. Therefore , the transfer mechanism of 
melanosomes should be, as has been inferred by 
others [3,6,7,9-11 ,13,20], a cytophagocytotic proc-
ess in vivo as we ll as in vitro. In comparing Figures 
10 and 11 , one can easi ly notice that t he s izes of the 
cross-sections of dendrites vary . There see m to be 
some variations in the mode of cytophagocytosis of 
the tip of dendrites. There were huge aggregates of 
me lanosomes phagocytized in the keratinocyte of 
newborn an imal, whereas small aggregates of 
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melanosomes were in the cell of adult animal (Figs. 
10, 11). This can be explained as follows. The 
melanocytes of newborn guinea-pig epide rmis pos-
sess a few, thick and short dendrites ; on the other 
hand, those from the adu lt possess several , slender 
and long ones [5 ]. Therefore , the structura l charac-
teristics of the melanocyte may be one of the 
determining factors of the mode of cytophagocyto-
sis. In the case of the hair follicle where keratino-
cytes are highly organized and melanocytes a re 
well matured , the tips of dendri tes of the melano-
cyte would be phagocytized by the cortical cells as 
a continuous event. Melanosomes appear to sepa-
rate off from t he pouch singly or in complexes of 
several melanosomes, during which time they 
acqu ire their outer membranes. These new outer 
membranes of melanosomes are assumed to come 
from the lysosomal membranes of the recipient 
keratinocytes. 
Recently , Toda et al [14] have pointed out t ha t 
in epidermal cells there is a striking tendency for 
small melanosomes to be complexed and for large 
ones to be dispersed as singles. Such a final distri-
bution pattern could be formed without the action 
of melanocytes [2] . Small melanosomes were taken 
up in groups and remained as single membrane-
bound aggregates within the cytoplasm of t he 
recipient epidermal cells, while large melanosomes 
were incorporated as singles into keratinocytes and 
were dispersed singly within t heir cytoplas m 
[2,3,15, 16] . 
From the experimental results obta ined, it 
should be emphasized that the dispersion of mel-
anosomes at the final stage, by which the fina l 
distribution pattern of melanosomes in the kerat i-
nocytes is determined, cou ld only occur after t he 
digestion of cytoplasmic constituents of melano-
cyte dendrites was completed and the fin al distri-
bution pattern would be determined by the size of 
the individual melanosome . 
From these light and electron microscopic obser-
vations, the transfer mechanisms of melanosomes 
from melanocyte to keratinocyte in vitro were 
assumed to be as follows (Fig . 12). 
At the first stage, t he melanocyte extends its 
dendritic process towards surrounding kerat ino-
cyte . Responding to t he approach of dendriti c 
process, the ruffling of the keratinocyti c plasma-
membrane becomes vigorous, the t ip of the den-
driti c process penetrates into the keratinocyte, and 
enfolds with the cell membrane and villus- like 
cytoplasmic projections of the keratinocyte . In t he 
second stage, the tip of the dendritic process 
appears to be squeezed and fina lly pinched off by 
the keratinocyte to form a pouch fi lled with numer-
ous melanosomes. Ultrastructura lly, t he difference 
between the tip of the enfolded dendritic process 
and the pouch formed immediately after the proc-
ess is pinched off, cannot be distinguished. There 
a re two membranes: t he inner membrane is de-
rived from the melanocyte, and the outer one from 
the keratinocyte surrounding a mass of melano-
l Ph.g.cy"", 
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FIG. 12. Schematic illustration of melanosome trans-
fer and dispersion. 
somes. Cytoplasmic constituents including the 
melanosomes of the dendrite of t he melanocyte are 
apparently intact. At the third stage, the pouch 
gradually moves towards the nucleus of the kerati-
nocyte , during which time digestion takes place in 
this pouch. The inner membrane derived from the 
melanocyte and the other cytoplasm ic constituents 
of the melanocyte, including the outer membranes 
of melanosomes, disintegrate complete ly. At the 
end of this stage, t he pouch , which is located near 
t he nucleus, consists of a s ingle envelope mem-
brane and numerous aggregated melanosomes 
without the ir outer membranes. At the fourth 
stage, these aggregated melanosomes seem to be 
released in to the cytoplasm in the following ways . 
Primarily, individual melanosomes and groups of 
melanosomes scatter from the aggregate . The large 
aggregates of melanosomes may be sepa rated first 
into several smaller clusters of melanosomes by 
way of developing invaginations of t he single 
envelope membrane of the aggregate , after which 
melanosomes spill out from t hese small clusters, 
depending on their sizes. Individual melanosomes 
appear to again acquire outer membranes at the 
final stage. 
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